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A REVIEW': ACTIVITY

If one observes the behavior of an amoeba, under a highpowered microscope, one may occasionally note it's protoplasm
streaming out to form pseudopodia of irregular shape, which
are then utilized by the organism both to engulf food and to
move itself about within its aquatic environment from one
spatial locus to another.

Similarly, if one tactually stim

ulates a living hydra, one may observe the contraction of a
single tentacle or the rapid withdrawal of that part of the
body touched.

Finally, if one carefully takes note of a

human infant, even after the so-called basic needs have been
cared for, one may very frequently observe a sporatic sequence
of bodily movements.

Contractility, like sensitivity, meta

bolism, growth, and reproduction, is a basic characteristic
of protoplasm, one of the fundamental criteria which differ
entiates the organic from the inorganic.

Moreover, movement

or activity, the evolutionary product of contractility, is
largely, though not exclusively, the property of the animal
kingdom in contrast to plants.

These simple observations

have apparently been made since the time of Aristotle.

The Definition of Activity

1
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Upon closer analysis, however, activity is anything but
simple.

As Baumeister, Hawkins, and Cromwell (1964) have noted

it is probably as complex a phenomenon as any we have encount
ered.

Activity may be defined as the manifest transition or

movement of the organism as a whole, or any part(s) thereof, in
any given spatial-temporal framework.

Its presence or absence,

form or topography, intensity, and direction appear to reflect
the operation and interaction of many variables.

Activity has

been described in a variety of terms such as general activity,
motility, exploratory behavior, and spontaneous activity.
Morgan (1965) has catagorized activity into two broad group
ings: locomotor activity and restlessness.

With reference to

the former, "the animal goes somewhere, moving from one posi
tion in space to another," while restlessness involves activity
"in which movements are made, but the animal does not walk any
appreciable distance" (Morgan, p. 354, 1965).

To a large extent,

as Reed (1947) has maintained, our conception of activity
should be grounded on the method of measurement utilized, since
the correlations between the different methods are frequently
very low.

In this connection, it is interesting to note

Baumeister et al's. (1964) suggestion that activity is a
complex, heterogenous phenomenon calling for a more precise
conceptual and methodological examination.

It is perhaps

because of this heterogenity, and the imperfect reliability
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3
and validity of the measuring devices, that the various measures
of the phenomenon do not correlate highly with one another*

The

position presently taken is that there is some common element
involved in all activity, and that is, the transition or move
ment of the organism in space and time.

Therefore, activity

may be characterized by some degree of homogenity in spite of
its apparent diversity.

Activity may be considered simultan

eously as homogenous and heterogenous.

Methods of Measurement

Investigators have devised a number of different mechanical
devices which may be utilized to measure the activity of differ
ent organisms.

One of the oldest, and perhaps still most popular

method, is that of the activity drum to which a counter can be
attached.

Shirley (1929) has stated that this method has been

in use since 1898.
utilized device.

The stabilimeter is also a frequently
Siegel (1946) described a photo-electric

technique for measuring activity which has proved quite useful.
Beach (1941) reported an observation method of recording
activity by noting_ the number of squares traversed by a rat in
an activity box during 10-minute observational periods.

These

would appear to be the most frequently utilized devices in the
past, although there are certainly others, including tambourmounted cages and pedometer recordings (Shirley, 1929), tilting
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boxes, and horizontal turntables for exercising rats (Reed,
1947)*

Some of the more recent devices include an auditoiy

activity recorder for use with burrowing animals (Gans and
Bonin, 1963), a promising ultrasonic technique which can be
adjusted to measure many kinds of activity (Peacock and
Williams, 1962), a magnetic pickup device capable of recording
essentially all of the activity of some organisms (Mitchell,
1959), and a crib-like device for human infants which is
structured to measure both generalized activity and leg-withdrawal (Lipsitt and Deluria, I960),
There are certain advantages and disadvantages associated
with all these methods.

Some measure specific kinds of activity,

such as locomotor or running behavior in the revolving wheel
devices, a variety of slow or fast general head or body move
ments in the stablimeter or tambour-mounted cages.

Other

methods, such as the ultrasonic and magnetic pickup devices,
appear potentially able to measure virtually all of the be
havior elicited from or emitted by an organism.

It is obvious

that there is a good deal of overlap in the kinds of behavior
measured by one method in contrast to others.

The photo-electric

devices, for example, may very well measure some of the same
aspects of activity recorded by the stabilimeter, and certain
forms of behavior, such as respiratory movements, may be record
ed to a high degree of accuracy by the ultrasonic method and not
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at all by another method such as the activity wheel*

Validity

Since the gross or general activity of an organism is
composed of a number of component parts, and since the different
methods of recording activity may measure various selective
aspects of the phenomenon, one might raise serious questions
concerning the general issue of validity*

Validity, of course,

refers to the extent t.o which a given test, predictor, or method
measures whatever it purports to measure.

With reference to

activity, questions relating to validity may be raised concern
ing the method utilized to measure activity and the criterion
or dependent variable— that is, general or specific kinds of
activity.
Questions regarding methodology can be raised concerning
the extent to which equality of sensitivity has been obtained
with reference to the various electrical devices in a given
class, such as photo-electric relay devices, as well as between
classes of different electrical and/or mechanical instruments.
One might become very concerned with the problem of comparing
different experimental results utilizing activity wheels and
revolutions per unit of time as the dependent variable if the
various wheels differ in diameter (Heed, 1947) or have not been
equated for frictional torque.

Peacock and Williams (p.

648,
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1962) note an important point:
•'Most of the methods of recording the activity of
laboratory animals (such as revolving wheels, tambouror spring-mounted cages, tilt-cages, and the like) in
volve some sort of mechanical coupling between the
animal and the recording system which introduces an
unknown amount of bias in the records."
In this connection, some of the photo-electric and other electri
cal methods mentioned earlier constitute a definite improvement.
A second set of questions, concerning the criterion, stem
from an imperfect definition of activity.

The definition of _

activity proposed earlier, for example, is much too broad as it
stands to offer much utility.

However, it can be made more

precise by actually specifying the bodily system(s) involved in
any given experimental arrangement.

To define and attempt to

measure activity in general terms is to approach the problem
from a molar perspective.

With an appropriate method, such as

an ultra-sonic activity recorder, this approach may be justified.
In many other cases, however, a molecular approach is clearly in
order.

In this case, specific kinds of activity, such as leg-

withdrawal or running activity, should be specified and measured.
In many studies, it is not completely clear if general or speci
fic activity is being assessed.

It would be easier to evaluate

the validity of any particular method if we knew exactly what
was being measured.

Reliability
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It should also be mentioned that the reliability, or the
precision of measurement, of many of the methods is open to
question.

This is not exclusively true of all methods, however,

since a number of investigators have assessed the reliability of
their instruments and demonstrated that it is adequate (Siegel,

19465 Reed, 19475 and Isaac and Ruch, 1956).
Because of the multiplicity of methods available for mea
suring activity, and because of potential differences in the
validities and reliabilities of the various methods, it is
sometimes very difficult to compare one study of activity with
another unless very specific information is present concerning
a number of technical details associated with the method(s).
These methodological and psychometrical problems, however, are
only a segment of the over-all difficulty.

The other, and per

haps more important, consideration involves the attempt to de
termine if the variables known or suspected to control activity
are roughly comparable from one experimental situation to another.

The Variables Involved

Activity, like other behavioral or response phenomena, is
known to covary with, or to be functionally related to, a
large number of variables.

For purposes of this paper, it is

assumed that all of these variables, somewhat imperfectly, can
be categorized into two broad classes: biological and psycholo-
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gical variables.

The biological variables refer to all those

internal factors having to do with the basic life processes
believed or known to be related to the activity of the organism
involved.

These would include all the biochemical and neuro-

physiological changes related to activity, as well as other
factors such as genetic variability, growth, maturation, and the
influence(s) of drugs or biochemical agents.

Conversely, the

psychological variables refer to all forms of external environ
mental stimulation believed to be related to the adjustment and/
or activity of the organism in question.

The variables referred

to here include light, sound, chemical stimuli, physical or
spatial factors, and climatic changes involving temperature and
humidity®
Admittedly, the dichotomy suggested above is largely arbi
trary.

It is artificial and primarily designed for convenience.

The events in one category are not necessarily mutually exclu
sive of those in the other.

External stimulation, for example,

would certainly appear to have internal neurophysiological
correlates; the phenotypic expression of genotypic factors is
known to be altered by environmental variables; and internal
drive factors, such as changes in blood chemical levels, may be
environmentally controlled through such processes as food or
water deprivation, and these internal changes may then lead to
certain behavioral changes which, in turn, lead to modifications

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

9
in the external stimuli impinging on the organism.

It is also

obvious that stimulation is not limited to the external environ
ment5 internal, proprioceptive and interoceptive, stimuli may
influence activity in seme fashion.

Moreover, certain events

such as drive factors brought about by changes in levels of
blood chemical elements or hormonal changes might very well be
considered a form of internal stimulation controlling behavior.
In short, the environment is not limited to the events external
to the organism's body.

There is an internal environment which

in all probability is very closely integrated with the external
environment and capable of interacting with it.

Holism, in

some form, is perhaps closer to the facts than the type of
dualism implied above in the categorization of internal and
external variables.

From this point of view, the organism is

regarded as a psychobiological system whose behavior is largely,
if not exclusively, the product of a variety of environmental
variables, internal and external, which both surround and
characterize the organism.

For purposes of this study, the

biological variables will initially be considered.

The Biological Variables

There is a good deal of evidence available which clearly
suggests that the biological variables are of real importance
in controlling behavior in general and activity in particular.
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Genetic variables

To begin with, there are several studies which indicate that
genetic variables are important factors.

As Heed (1947) has

indicated, Hundquist was one of the earliest to demonstrate
strain differentials in the level of activity of rats.

Thompson

(1956), utilizing two methods of measuring activity, was able to
show rather clear-cut differences in the activity of five
genetically pure strains of mice.

Thiessen (1965)* in a

statistical study of the rank order activity differences of
three strains of inbred mice, demonstrated the remarkable sta
bility of these rank activity differences over time, environ
mental changes, and experimental differences.

A number of other

investigators have also produced evidence demonstrating that
genotypic factors play an important role in the control of
phenotypic levels of activity (Hawkins, 1965; Sines, 1962j
Mcleam, 1961, and Mcleam, I960).

Endocrinological variables

The activity levels of some species of organisms are also
characterized by marked sex differentials.

The female rat, for

example, comes into estrus every four or five days, and this
event is very well correlated by marked increments in running
wheel activity (Hichter, 1927).

Although this phenomenon may be

conceived of in terms of drive theory, there seems to be little
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doubt that endocrinological, particularly gonadal, factors are
involved*

Evidence bearing on this point has been obtained by

several investigators including Richter (1927), Shirley (1929),
and Richter and Uhlenhunt (1954)•

Reed’s (1947) review of the

literature cites a variety of experimental studies demonstrating
the influence of a number of hormones upon activity.

Inter

ference with the normal functioning of the adrenal glands, the
pituitary, the thyroid, liver, and, in some cases, the pancreas
all lead to some decrements in the general level of activity,
although the results are variable.

Neurological variables

Another important group of biological variables related to
activity involve the neurological correlates of activity.

That

there are such correlates appears to be obvious, and could
perhaps be predicted on the basis of historical work in the
field of neurophysiology.

The brain stem reticular formation,

for example, is a complex neurological system known to correlate
highly with the sleep-wakefulness cycle, attention, and arousal
(Segundo, Arana, and French, 1955).

Temporary or permanent

interference with the structural or functional capacities of
this system would be expected to bring about decrements in an
organism’s level of activity depending upon a number of factors
such as the locus and extent of lesion, the integrity of other
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neurological systems, the age of the organism, and experiential
history (Glickman,. Sroges-, and Hunt, 1964-).

A recent article by

Routtenberg (1966) indicates that our classical views of the
reticular formation may have been over-simplified and may have
to be revised in line with contemporary neurophysiological
evidence*
Morgan (1965) noted that a number of investigators have
reported increments in activity following lesions of the
frontal cortex.
results.

Stern (1957), however, reported opposite

Beach (1941) reported variable effects on activity

after removal and/or lesions of the anterior and posterior
regions of the brain.

Peeke, Herz, and l^ers (1965) working

with the earthworm, have evidence that the removal of the
supraoesophageal ganglia tends to augment the animal's re
activity to the onset of high levels of illumination.

Glad-

felter and Brobeck (1965) clearly demonstrated permanent de
creases in the rat's level of activity after the destruction of
specific areas in the region of the ventral hypothalamus.
In summary, there is a variety of evidence which demonstrates
that activity is at least partially under the control of neuro
logical factors, both cortical and subcortical.

This same

conclusion, of course, may also be inferred from the fact that
activity involves the innervation of muscular groups, since,
by definition, activity entails movement.

Nevertheless, as
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Reed (1947) mentions, the status of a specific neurological
center controlling activity is still not clear.

Internal timing variables

Another important biological variable involved in activity is
a hypothetical clock or internal, timing device, which is fre
quently postulated as a regulatory mechanism controlling the
on- and/or off-set of activity (Roberts, 1956; Crawford and
Thor, 1964)*

Presumably, this is the mechanism which controls

activity when external environmental cues, such as light, are
experimentally or naturally altered.

Age and maturation

Still other variables include age and maturation.

Reed

(1947) has summarized a group of studies which demonstrates
that the activity of rats, measured by means of activity wheels,
correlates positively with age up to approximately 80 days,
levels off until approximately 120 days, and then gradually
decreases until death.

Activity changes, however, related to

age also involve a host of other variables which may contribute
to the level of activity including maturation, history of rein
forcement, and differential experience.

Bi nr-ham-i «al variables

There is one other group of studies, frequently considered
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to reflect the operation of internal biological variables, -which
should be mentioned at this time.

These include a variety of

experimental studies dealing with the effects of diet selection
and/or food or water deprivation upon activity.

Historically,

these factors appear to have been considered from a predominately biological point of view.

There is, however, some evidence

that this trend is beginning to give way to an environmental or
psychological orientation.

In this respect, the present section

of the paper may be considered the transitional point between
the artificial dichotomy of biological and psychological
variables suggested earlier.
To begin with, as Bindra (1959) has pointed out, the various
kinds of deprivation are correlated by fairly definite bio
chemical events, hormonal and nonhormonal, such as changes in
the level or concentration of salts, hormones, sugar, water, and
carbon dioxide.

Moreover, these changes, in turn, are further

correlated by increments or decrements in the level of activity
over time.

Very frequently, from a traditional point of view,

these changes in blood chemistry, and the changes in behavior
which may correlate with them, are assumed to reflect the
existence of need and drive factors respectively.

This tradi

tional point of view is well expressed by Baumeister et al.
(p. 438, 1964):
"The precursor or antecedent of drive has been

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

designated by some as a need state...For the purposes
of this discussion, ’need state’ may be defined as any
condition of deficit or excess which causes the organ
ism to depart from the dynamic equilibruim known as
homeostasis.”
Needs, drives, and other such constructs, however, sire essen
tially non-scientific in that they are non-observable and can

,

only be regarded as hypothetical constructs or intervening varia
bles; in all cases, they would appear to be of an inferential
nature.

Nevertheless, the traditional point of view is support

ed by an impressive body of experimental evidence.
Siegel and Steinber (1949) demonstrated a progressive in
crement in activity corresponding to periods of food deprivation
of 0, 12, 24,
rats.

36, and 48 hours in a group of sixty male albino

The activity curve corresponding to the deprivation

periods was a negatively accelerated increasing function.
Similar results have been reported by a number of other investi
gators including Finger and Seed (1952), Hall (1955)» Moskowitz
(1959), and Treichler and Hall (1962).
Activity has also been shown to vary not only as a function
of gross or total food deprivation, but also as a function of
diet selection.

That is, the restriction of certain nutrients

such as proteins, carbohydrates, fats, or vitamins are all
potentially able to change an organism's level of activity
Collier, Squibb, and Jackson (1965), Morgan (1965), and Reed
(1947).
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The Psychological Variables

The traditional point of view concerning the effects of food
deprivation in general, however, is now being questioned:
"The question arises whether deprivation per se,
as manifested by changes in blood chemistry or sane
other physiological mechanism, is the direct antece
dent factor in increasing activity...That is, are
increases in activity level the unlearned effects of
the physiological consequences of deprivation, or
does deprivation sensitize the organism to react
to features and changes in its environment to which,
in a satiated state, it does not respond?"
(Baumeister et al. p. 44, 1964).
The question raised here concerns the relative importance of
the biological in contrast to the psychological variables.

The Campbell-Sheffield Hypothesis

This question was brought to a head in the course of the
Campbell and Sheffield (1953) experiment.

The results of this

experiment led the authors to conclude that food deprivation
does not instigate activity, as is commonly assumed, but
rather serves to reduce stimulus thresholds for external sti
muli.

The increments in activity are attributed to the sti

muli, and not to internal drive factors.

Teghtsoonian and

Campbell (i960) replicated and extended the earlier study.
The authors of this study concluded that activity was pri
marily a response to environmental stimulation, and, expanding
their theoretical framework, that
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"...activity during deprivation reflects the inter
action of lowered response thresholds with the cessa
tion of eating behavior and the extinction of foodseeking behavior" (Teghtsoonian and Campbell, p. 244,

I960).
Experimental results congruent with the Campbell-Sheffield hypo
thesis have also been reported by other investigators including
Segal (1959), Eubow and Tighe (1957), Isaac and DeVito (1958),
and DeVito and Smith (1959)•
It should be noted, however, that there is more involved
here than first appears: sensory deprivation and/or perceptual
isolation is a condition which accompanies food deprivation.
There have been a variety of studies with humans and animals
which clearly indicate that sensory restriction, quite apart
frcxn the effects of food deprivation, is capable of effecting
a variety of physiological and behavioral changes.

The results

obtained in experiments like those of Campbell and Sheffield,
therefore, may represent an interaction between some of the
various effects of sensory restriction per se, one of which
involves a decrease in perceptual thresholds in human subjects
and a general sensitizing of the organism to the residual
stimuli present in the situation, or in combination with the
effects of sensory alterations of one kind or another, incre
ments or decrements in the level or 'intensity of stimulation pre
sent or changes in the variety or novelty of stimulation, for
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various periods of time may be reflected in significant differ
ences along a number of behavioral dimensions (Hoffman, 1959,
Korn and Moyer, 1966)*
Needless to say, of course, the Campbell-Sheffield position
has not gone unchallenged.

A cursory review of the relevant

literature indicates that a number of individuals have advanced
evidence, theoretical and/or experimental, which is opposed to
the hypothesis (Hall and Hanford, 1954; Hall, 1956).

Learning variables

In total perspective, therefore, there is enough negative
evidence available to suggest that the status of the hypothesis
is still somewhat tentative.

Nevertheless, the Campbell-

Sheffield hypothesis may represent an important addition to the
psychological interpretation of activity.

Implicit in the hypo

thesis is the notion that activity may represent a learned
response, or series of such responses, subject to the same
laws of reinforcement as other psychological or behavioral
phenomena.

This follows from the emphasis the hypothesis

places on the role of stimulation.

It does not take much

imagination to assume that the type of activity frequently
emitted by an organism some time before it begins to feed or
water, even under conditions of ad libitum food and water,
represents instrumental or operant behavior accidentally
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shaped to environmental consequences*

Such activity may

represent superstitious behavior, in the sense that Skinner
(1953) used that term.

Some of the behavior described by

Bichter (1927) clearly fits the operant paradigm.

In fact,

it is probably possible to apply a learning interpretation,
either operant and/or respondent, to a good deal of the phe
nomenon generally referred to as spontaneous activity.
Several investigators have done just this (Finger and Reid
and Weasner, 1957j Seward and Pereboon, 1955; Hundt and
Premack, 1963; Wright, 1965; Angermeier, Hitt, and Wilboum,
1963j and Howarth, 1962).

Further evidence has been reported

by Kagan and Berkun (1954), who showed that operant barpressing could be increased by utilizing the opportunity to
run in an activity wheel as the reinforcer.

Sheffield and

Campbell (1954) also reported certain changes in activity
related to environmental cues which could be interpreted
according to a learning theory framework, namely, increments in
the level of activity when stimuli which have previously
preceeded feeding are presented to the subject.

In short,

there is every reason to assume, as Baumeister et al. (1964)
have mentioned, that a learning orientation can go a long way
toward explaining certain aspects of general activity.

The need for activity
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It is also possible that this same orientation may at least
partially explain the so-called need for activity.

The evidence

for and against the phenomenon is complex and not infrequently
contradictory.

To begin with, it is not at all clear that the

behavior in question is, in fact, a need, at least in the sense
earlier defined.

Shirley (1929) was one of the earliest to

work with this problem.

Hill (1956), who has been very active

in this field, appears to have obtained positive results regard
ing such a need.

It is certainly possible, however, to interpret

the evidence in terms of psychological framework, rather than
the biological orientation implied by the term need (Seward and
Pereboon, 1955)•

Moreover, since activity always has stimulus

consequences, internal and external, it might be possible to
argue that the need, if we must use that term, for activity
essentially amounts to a need for a changing, varied, stimulus
environment.

This would appear to be quite consistent with the

data behavior, and activity in general.

The cyclic nature of activity

Other important environmental variables known to control in
part the level of an organism's activity are light and tempera
ture, both of which appear to be closely related to the wellknown cyclic nature of activity.

A number of organismic

activities such as feeding, watering, defecation and urination,
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sleep and wakefulness have been identified as cyclic in nature.
Bindra (1959) mentions that the presence of these various cycles
is very likely contingent on the presence or absence of internal
or external cues or stimuli which elicit them.

This is largely

a psychological interpretation of cyclic behavioral phenomena.
It should be contrasted with the biological orientation men
tioned earlier in connection with internal timing or clock
devices.

Neither position, of course, is completely incompata-

ble with the other.

According to the somewhat meta-theoretical

holistic analysis suggested earlier, the rhythmic or cyclic
nature of behavior is general, and activity in particular, is
determined by the rhymic nature of the underlying biological
and/or psychological variables, which themselves ebb and flow
in the continuous flux of space and time.

light

Some of the studies mentioned earlier indicated the impor
tance of light as a method of stimulation and/or arousal.

Rats,

for example, are known to be primarily nocturnal organisms with
approximately 70/5 of their activity confined to the dark half of
a daily 24-hour cycle (Richer, 1927; Hunt and Schlosberg, 1939)#
Morgan (1965) cites Brownian’s 1942 study which demonstrated
that this same cycle is maintained under conditions of artificial
light, despite rather wide deviations from natural conditions.
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Reed (1947) maintains that the cycle is internally based and
only gradually changed by altering environmental circumstances.
Peacock, Hodge, and Thomas (1966) recently demonstrated the
24-hour dark-light cycle with the ultrasonic device, and the
rhythmic nature of the rat's activity under conditions of
continuous illumination.

Light, obviously, has a general

supressing or inhibiting influence on the activity of some
organisms.

More evidence related to the light controlling

parameters over activity have been reported by DeCoursey (1965),
Browman (1944), Hunt and Schslosberg (1939b).

Temperature

Temperature is also capable of modifying the level of an
organism's activity.

As Morgan (p. 355, 1965) has indicated:

"In general, animals are most active during cool
periods and less active during warm ones...This
generalization, however, depends on the temperatures,
and it varies with the animal."
Experimental evidence bearing on the importance of temperature
as a means of controlling activity has been reported by
Fregly (1956) and Fregly, Marshall, and Mayer (1957).

Other psychological variables

There is another group of studies which may be regarded as
extending the evidence for the psychological interpretation of
activity, in that it is possible to show that the measure of
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activity is affected by an environmental variable of one kind
or another.

Representative of this point of view is the study

by S t e m (1956) in which it was shown that electro-convulsive
shocks, administered in a series of one per day, was able to
decrease activity as observed on a table top but not in an
activity wheel.

Boche and Quilligan (i960) were able to show

that the presence of synthetic smog depressed the wheel running
activity of mice.

Lavery and Foley (1963) have evidence, re

lated to the auditory parameters or correlates of activity,
that rats will press a bar to terminate white noise more fre
quently than they will to terminate tape recorded rat squeals.

The concept of arousal

Psychological variables, therefore, or stimulation in
general is quite capable of controlling and modifying an
organism's activity.

It is important to note that stimulation

in most cases would appear to be synonymous with the concept
of activation or arousal.

According to Duffy (1951), arousal

has reference to a state of energy discharge or release within
an organism— to a conversion or transition of potential energy
to kinetic energy.

This energizing or activation of the

organism has a number of well-marked physiological correlates
including characteristic changes in the electroencephalogram
(Idndsley, 1952; Darrow, 1947; and Duffy, 195l)> the electro
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myogram (Malmo, 1957), the galvanic skin response (Duffy, 1957),
respiration, heart rate, and blood pressure.

It is also fre

quently assumed that the level of activation varies along a
continuum of intensity, and is controlled in large measure by
mftans of the stimulation which passes over the specific sensory
systems and the nonspecific sensory system, the latter system
in turn being controlled by the neurological activity of the
ascending reticular activating system (ARAS).

Further, there

are characteristic relationships between the level of activa
tion and the measure of performance.

All of these points have

been summarized by Mai mo (pp. 388-9, 1962):
"According to this theory, the continuum extending
from deep sleep at the low activation end to excited
states at the high activation end is very largely a
function of cortical bombardment by the ARAS, such
that the greater the cortical bombardment, the higher
the activation...Further, the relation between activa
tion and behavioral efficiency (cue function or level
of performance) is described by an inverted U curve."
Obviously, there is some correlation between the various
physiological indicants of arousal and external, overt activity.
It is tempting, for example, to assume that drive states lead
to increments in the level of activation by means of the inter
nal stimuli they generate, which stimuli then passes through
the specific and nonspecific sensory systems.

The stimulation

passing through the nonspecific system would activate broad,
diffuse areas of the cortex.

This cortical bombardment, and

eventually, motoric discharge, would represent the direct
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neurological-antecedent event behind overt activity.

The

changes in activity then brought about would be further
strengthened by the changing pattern of external stimulation
impinging upon the organism, which would vary to some extent
as a consequence of activity itself.

Very likely, this is

the sequence of events for some behavior, but it is too simple
to account for all behavior.

Roeder (1955) was unable to

affirm a simple, inevitable correlation between the neurologi
cal indicants of spontaneous activity and the behavioral indi
cants of spontaneous activity.

This same point is also made

by Baumeister et al. (1964), Malmo (1957)» and Duffy (1957).
There is also evidence that in some cases the physiological
measures may suggest arousal or activation, while behavioral
observations indicate quiesence or inactivity.

Routtenberg

(1966), for example, cites evidence demonstrating that
certain midbrain lesions induce behavioral sleep while,
simultaneously, producing the desynchronized EEG pattern —
the classical neurological indicant of arousal*

Summary of variables

In final summary, then, activity is a complex psychobiological phenomenon which is over-determined— that is, the out
come of multiple causes.

Activity may be viewed as the product

of dependent variable of a whole spectrum of causal factors or
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independent variables*

These latter variables are biological

or psychological— or from a holistic point of view, both.

It

is possible in some cases that these variables may act rela
tively independent of one another.

It is certainly possible,

however, that in other cases they may interact in various
degrees of complexity.

The purpose of the present research

The purpose of the present research was to investigate
certain parameters of activity, including its extent and
distribution, under controlled experimental conditions.

A

specific drug, pentobarbital, was utilized in the study to
depress activity, and an attempt was made to counteract or
offset the influence of this drug by means of stimulation or
a method of arousal.

Drugs and activity

Drugs in general might be regarded as biological variables
in that their behavioral effects, presumably, are largely
based on an interaction of the molecular structure of the drug
itself with the cellular unit— or units— upon which it acts
(Dews, 1962).

The effects of any drug, all of which in a

general sense might be regarded as stimulants or depressants,
on any given unit(s) of behavior may be gross or subtle depend
ing upon a number of conditions including age, sex, and species
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of the subject, the dosage of the drug, its route of adminis
tration, stress effects, the presence or absence of other bio
chemical substances in the body, the frequency with which the
drug has been administered in the past, its rate of inactiva
tion in the body, and the time at which it has been administered
(Peterson, 1966; Hoffman,

1966). It is also important to note,

as Himwick (I960) has pointed out, that every drug has poten
tially multiple effects in that it may influence a number of
somatic cells and organs at approximately the same time.

The general effects of pentobarbital

There have been a number of drugs which have been shown to
affect activity (Reed, 1947)*
drugs.

Pentobarbital is one of these

Depending upon a number of conditions including the

dosage used, the measures utilized to assess behavioral effects,
and the subjects pentobarbital has been shown to affect, or
has failed to affect, a number of dimensions of human and
animal behavior.

Several individuals, or groups of individuals,

have investigated the effects of pentobarbital on some aspect of
memory (Siegel, McGinnies, and Box, 1949; Pearlman, Sharpless,
and Jorvik, 1961), attention (Quarton and Talland, 1962;
Talland and Quarton, 1965a), discrimination (Kornetsky and
Bain,

1965), and learning (Rosenzweig, Krech, and Bennett,

I960; Moroz, 1959; Overton, 1964; Blough, 1958; Jones, Ayres,
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Flanary, and Clements, 1965; Rutledge and Kellcher, 1965;
Hermstein and Morse, 1956 and 1957)*
are also affected.

Other kinds of behavior

Mogenson (1964) and Olds and Travis (i960)

failed to demonstrate marked effects of pentobarbital on the
rate of self-stimulation.

Talland and Quart on (1965b) report

some disruption of perceptual-motor skills under the influence
of the drug, and Wikler, Haerszen, Chessick, Hill, and Pesior
(1965) noted that pentobarbital significantly prolonged reaction
time.

Baile and Mayer (1966) induced hyperphagia in goats by

directly stimulating the ventromedial hypothalmic area with
pentobarbital.

Schmidt and Dry (1963) reported that pentobar

bital facilitated water intake when it was injected 5 hours
after pretreatment with hypertonic saline and a half hour
prior to free access to water.

Finally, Frankenhaeuser,

Birgitta, Post, Ragnar, Hagdakl, and B j o e m (1965) were able
to demonstrate that the depressant effects of pentobarbital
in human subjects could be increased under the influence of
experimental suggestion*

In sunmary, then, the drug definite

ly has multiple behavioral effects.

Neurological loci of action

It would be of some interest at this point to briefly con
sider the neurological loci and effects of the drug.
good deal of data bearing on this question.

There is a

The study referred
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to above by Baile and Mayer (1966) indicates that one locus of
action is the hypothalamus.

Most of the data, however, rather

clearly indicates that the important structure to consider is
the reticular activating system (Mirsky and Rosvold, I960;
Nakajima, 1964).

Killam (p. 192, 1962) has summarized a variety

of evidence indicating that the barbiturates in general, and
pentobarbital in particular, act directly upon the reticular
formation, usually depressing or otherwise modifying its
neurological activity:

i

"Considerable evidence has accumulated that reticular
influences on cortical potentials, on spinal reflex
activity, on recovery cycles in the thalamic relay, and
on conduction through the cochlear and geniculate relays
are reduced or blocked by barbiturates."
This, then, becomes the neurophysiological basis for the
prediction that pentobarbital, in a sufficient dosage, will
depress overt activity.

This would follow from the fact that

sane measure of functional capacity of the reticular activating
system is obviously a prerequisite for attention, learning, and
activity— and, in fact, for any kind of behavior contingent
upon wakefulness to some degree.
There have been a few studies carried out with pentobarbital
which have sought to assess the effects of this drug upon
activity.

Emlen and Kern (1963), for instance, demonstrated

that the effects of pentobarbital upon activity was relative,
at least in mice, to the time during the circadian activity
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rhythm at which the drug was administered.

In a study parti

cularly relevant to this paper, Harris, Pearl, and Aceto
(1966) reported the effects of pentobarbital, phenobarbital,
meprobamate, and a tranquilizer on the level of activity of
mice, activity being measured by means of a photo-electric
device.

All drugs were reported to have had a stimulant

effect at low doses and a depressant effect at higher doses.
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INTRODUCTION

Activity refers to a type of motor behavior, elicited by
environmental stimuli or emitted by the organism, which may be
specific or general,

Veiy simply, it refers to movement of any

kind.
Activity, as a type of behavioral phenomena, may be observed
and measured in a variety of ways.

The classical measuring

instruments include the activity wheel, stablimeter devices,
and photo-electric devices.

More recent techniques include

magnetic pickup devices and the ultrasonic recorder.

The

correlations between the various measuring instruments are
frequently low, and the different devices measure overlapping
and selective features of general activity.
It is known that activity, like other types of behavioral
phenomena, covaries with, or is functionally related to, a
number of variables.

All of these variables may be classified

into two broad groupings.
One grouping includes internal biological variables.

In

cluded here are genetic, endocrinological, and neurological
variables.

Other relevant variables include internal timing

devices, age or maturation, and drugs.
The second grouping includes external psychological
31
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variables is artificial.

Actually, there is a great deal of

overlap between these two categories of variables.

Fran a

sufficiently holistic point of view, activity is regarded as
the product or outcome of a whole spectrum of variables,
internal and/or external.
Historically, a biological approach to activity predomi
nated.

More recently, however, a psychological orientation

to the phenomenon, epitomized in the Campbell-Sheffield
experiments, has become increasingly apparent.
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PROCEDUBES AND METHODOLOGY

The present study, as mentioned earlier, primarily represent
ed an attempt to counteract the effects of pentobarbital on
activity.

The specific hypotheses or predictions tested were

as follows:
(l).

Pentobarbital, in the dosage of 20 mg/kg, will
depress activity to a significant degree below its
normal or baserate level, as measured photo-electrically during the first hourly period of measure
ment, 8:00 P.M. to 9:00 P.M., after the drug has
been administered.

(.2).

A method of arousal or stimulation, which involved
immersion in water, will increase activity to a sig
nificant degree beyond its normal or baserate level,
as measured photo-electrically during the first
hourly period of measurement, 8:00 P.M. to 9:00 P.M.,
after the method has been introduced.

(3).

The method of arousal presented in conjunction
with pentobarbital will interact with the drug in
such a manner as to counteract or offset the depres
sant effects of the drug, with the result that act
ivity will remain in its normal or baserate range,
as measured photo-electrically during the first
hourly period of measurement, 8:00 P.M. to 9:00 P.M.,
after the combination has been effected.

Subjects

The subjects, Ss, of the experiment were six mature, healthy,
naive, male albino rats.
through Male 6 (M6).

The Ss are identified as Male 1 (Ml)

The age and weight distributions of the

33
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Ss are indicated in Appendix B.

The Ss were obtained in a

group from the Western Michigan University Department of
Psychology and later transferred to a small room or compart
ment, hereafter designated as the experimental room, in the
basement of the investigator’s residence, where the experiment
was carried out*

The Experimental Room

The approximate dimensions of the experimental room were as
follows1 13 feet, 3 inches long; 10 feet, 2 inches wide; and 6
feet, 9 inches high.

Temperature, which was thermostatically

controlled, and humidity, which was not specifically controlled,
were both recorded daily during the experimental treatments at
the hours of 8:00 A.M., 2:00 P.M., and 8:00 P.M..

These read

ings were all averaged together into a single daily mean.

The

temperature and humidity data corresponding to each experimental
treatment for all Ss is indicated in Appendix C.
The amount of illumination in the experimental room was
controlled by blocking all windows in the basement.

The Ss

were maintained on a 12-hour on 12-hour off light-dark schedule.
This was accomplished by lighting the room for a 12-hour period
each day, from the hours of 8:00 A.M. to 8:00 P.M., by means
of a single 40-watt light bulb which projected down from the
approximate center of the ceiling.

The level of illumination
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in the experimental room was measured by means of a Weston
Illumination Meter, Model 603, and found to average approxi
mately 2.75 foot candles in the immediate vicinity of the
animal's cages.
The Ss were isolated and confined in standard hamster
cages, the dimensions of which were as follows:
wide, 13 inches long, and 9*75 inches deep.

6.25 inches

A large wooden

table was built into one of the walls in the experimental room.
Two experimental cages were placed at one extreme of this
table, and two control cages were placed at the opposite
extreme.

The experimental cages were set up with a photo

electric device, which was utilized to measure activity.

Method of Activity Measurement

Essentially, this device entailed the use of four separate
pieces of equipment, all of which were obtained from the
Rustrak Manufacturing Company:
(1).

The Rustrak light source, Model 924, which was
placed outside the back wall of an experimental
cage and centered approximately 1 inch above the
floor level of the cage.

(2).

The Rustrak photocell, Model 923, which was
placed outside the front wall of an experimental
cage and centered approximately 1 inch above the
floor level of the cage.

(3).

The Rustrak amplifier, Model 920, which was wired
to both the light source and the photocell.
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(4)«

The Rustrak 4-channel event recorder, Model 92,
which was wired to the amplifier*

The event recorder and the amplifier were placed in the
approximate center of the table between the experimental and
control cages.

The light source gave rise to a concentrated

beam of light aimed directly at the photocell.

When the beam

was broken or interrupted, and the photocell activated, the
impulse was fed into the amplifier where it was converted to
CN/OFF signals which then operated one of the actuator relay
switches on the event recorder.

The event recorder itself

powered the inch per hour movement of thin white chart paper
beneath four stylii.

When completely set up and powered, the

event recorder gave rise to a fine, straight, black base line
over the chart paper.

The response configurations recorded on

the chart paper, as a result of an interruption of the light
beam, in general involved the production of a rectangular
pattern, the size of which was contingent upon the amount of
time the interruption was sustained.

Essentially, this rec

tangular response pattern was composed of two components,
corresponding to the ON/OFF signals mentioned earlier.

Irre

spective of these two components, however, a single rectangular
pattern was later recorded as a discrete response for purposes
of statistical analysis.

The Dependent Variables
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The primary dependent variable throughout all experimental
treatments is the measure of activity secured by means of the
photo-electric recording device.

A secondary dependent variable

was a measure of daily water intake.

This measure was secured by

filling each S's water bottle with approximately 3 ounces of
water at the start of each experimental treatment and computing
the amount of water consumed at the end of each treatment by a
method of subtraction.

The water intake data is tabulated in

Appendix D.

Feeding and Watering Schedules

All Ss were allowed free access to food and water for the
duration of the experiment.

The diet consisted essentially

of the same standard lab chow previously fed the animals at the
Western Michigan University Animal Laboratory.

Drug and Placebo Considerations

Pentobarbital, which was utilized to depress activity, was
secured from the Western Michigan University Psychology Depart
ment.

It was injected intraperitoneally in a single dosage,

20 mg/kg, by means of a standard 1 cc tuberculin syringe
calibrated in units.

The syringe was loaded with a 3/8 or 1/2

inch, 27 gauge needle which was always stored in alcohol be
tween uses and sterilized in boiling water before and/or after

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

each injection.

The drug was administered in a solution of

sterile water and stored in a rubber stoppered injection vial
which prevented evaporation.

The same type of sterile water

was also utilized for the placebo injections.

Habituation

All animals were habituated to the cage and room conditions
prior to the initiation of the experiment.

The duration of this

habituation period varied from four to thirty days.

The first

experimental treatment was always preceedea by a 22-hour
light habituation period.

During this period the light source

was activated but response recordings were not obtained.

The

purpose of the light habituation period was simply to allow
the Ss some experience with the photo-electric device prior to
the actual initiation of the experiment.

Presumably, this

minimized any differential effects the photo-electric device
itself initially had on the level of the S*s activity.

The Experimental Treatments

In order to test the three experimental hypotheses, the Ss
were subjected to the following six treatments:
(l).

Treatment 1 (Tl) - Baserates:
A sample of activity was obtained by means of
two consecutive 22-hourly periods of photo-electric
measurements following the light habituation period.
A mean measure of activity for each hour was later
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derived by averaging the corresponding raw act
ivity totals for each hour throughout the entire
44-hour period.
(2). Treatment 2 (T2) - Placebo:
In this treatment, sterile water was intraperitoneally injected in a dosage based on the
body weights of the subjects. After injection
the Ss were placed in an empty tub or water
container described below. The purpose of the
treatment was to assess the influence of the
injection process, and the placebo, on later
measures of activity.
(3). Treatment 3 (T3) - Drug:
In this treatment, pentobarbital was intraperitoneally injected in a dosage based on the
tody weights of the Ss. After injection the Ss
were placed in the empty water container. The
purpose of the treatment was to assess the in
fluence of the drug on later measures of activity.
(4). Treatment 4 (T4) - Method of Arousal:
In this treatment, the Ss were subjected to a
swimming procedure. The Ss were immersed in a
container of water for a period of approximately
20 minutes. The temperature of the water was
maintained at 90°, plus or minus 2°. The dim
ensions of the water container were as follows:
21.5 inches long, 14 inches wide, and 14 inches
deep. One side of the container slanted outward
at approximately a 45° angle. The tub was filled
with water to a depth of approximately 10 inches
when in use. The purpose of the treatment was
simply to induce a high level of bodily movement,
particularly limb movement, and to assess the in
fluence of the method on later measures of activity.
(5). Treatment 5 (T$) - Combination of Drug (T3 ) and
Method of Arousal (T4):
In this treatment, the drug was first injected,
immediately after which the Ss were immersed in
the water. The increments in activity hypothe-
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cated in T4 were believed to be incompatible with
the decrements in activity hypothecated in T3.
This was the critical treatment in that the effects
of the drug were expected to be counteracted by
the method of arousal*
(6). Treatment 6 (T6) - Recovery:
This treatment is similar to T1 in that no
independent variables were introduced* The
purpose of the treatment was to assess any
possible carry-over effects from the preceeding
four treatments* The results were not expected
to differ appreciably from T1 or T2.
The measure of activity or movement secured by means of the
photo-electric device constituted the dependent variable in all
treatments*

The independent variables— the drug, the placebo,

the method of arousal, and the combination of the drug and the
method of arousal— were all administered between the times of
7:33 P*M. and 7:37 P.M..

At approximately 7:55 P.M. the Ss

were removed from the situation, placed back in their cages,
the cages positioned between the light source and the photo
cell, the photo-electric device powered, and the overhead
experimented, room light extinguished by 8:00 P.M.

Measurements

of activity were then taken for the next 22-hour period until
6:00 P.M. the following evening*
Ss were randomly assigned to treatments, 2 through 5, and
all of these treatments were followed by a one-day rest or
recovery period.

The purpose of these recovery periods after

T2, T3, T4, and T5 was to offset any possible drug interactions
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in the event that any given S was randomly assigned to two
consecutive treatments calling for an injection of the drug*
Appendix E includes a listing of the actual dates each S was
assigned each treatment.
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RESULTS

The analysis of the distributions of activity, the dependent
variable, proved to be a difficult task because of the temporalspatial proximity of many of the response indicants as they
were produced on the chart paper of the event recorder.

For

this reason, an independent observer was requested to analyze
a portion of the activity record representing a period of
88-hours of photo-electric activity measurements.

The outside

observer was given very brief training in the method of analysis
necessary to interpret the chart paper.

He was not given any

information concerning the various treatments or the type of
response distributions expected under them.

The hourly tabulated

frequencies obtained by the observer were then compared with
those previously obtained by the investigator and a reliability
quotient between the two computed.

The quotient so obtained

was .81, which is interpreted to mean that the independent
observer and the investigator agree 81 per cent of the time, on
the average, when they both analyze the same portion of an act
ivity record.

Since the portion of the activity record selected

for analysis was obtained by means of random selection, presuma
bly they would agree at least this frequently if any other por-
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tion were to be similarly -analyzed.
Nevertheless, it is important to note that although the
method of recording activity by means of the photo-electric
device was very objective, the actual method of obtaining the
response frequencies from this device was more subjective.

Graphic Analysis of Activity

The hour-by-hour tabulation of raw activity totals, tabula
ted in Appendix A, was transferred from the chart paper to
frequency distributions.

Finally, these activity totals were

summed together and graphed in six separate graphs correspond
ing to the six experimental treatments.

The results of the

entire experiment, therefore, are graphically present in
Figures 1 through 6 on the succeeding pages of this paper
(pages 44 through 49)*

The individual data from each S is

grouped in total response per hour for 22 consecutive hours of
measurement under each treatment.

The total number of responses

for all six Ss combined is indicated at the mid-point of each
hour.

Thus, for example, the first point at 8:30 P.M. under

treatment 1, page 44, represents the emission of approximately
95 responses between the hours of 8:00 P.M. and 9s00 P.M., and
the second point approximately 72 responses between the hours
of 9:00 P.M. and 10:00 P.M..

The broken vertical line on each

graph indicates the time each day at which the light in the

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout perm ission

350

250

DARK

LIGHT

150
3
O

£
%
|
g
§

100

DARK-LIGHT ACTIVITY RATIO

90
80

8

£
§
Q,

60

c*.
O

t3
03

50

as

30
20
10
T

12:30
-A/.M.

TT

8:30
-A.M.

T

▲
*.•30
P.M.

TIME
Fig.

I.

T R E A T M E N T 1 (Tl): B A S E R A T E S .

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

350
250

DARK

LIGHT

150

o 100

DARK-LIGHT ACTIVITY RATIO

£
%

§

90

£
80
-j
§

“
70

-

8

o

g

60 “

c*.
o

""

Cd
s
05

50

~

|

uo

-

S

30-

8

20
10

12:30
-A.M.

8:30
A.M.

±:30
P.M.

TIME
Fig.

2.

T R E A T M E N T 2 (T2): P L A C E B O .

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

46

350

250

DARK

LIGHT

100

DAR K - L I G H T A C T I V I T Y RATIO:
69:31

90

80

60

40

TOTAL

NUMBER

OF

PHOTOCELL

INTERRUPTIONS

150

20
10

12:30
-A.M.

8:30
A .M.

P.M.

TIME
F i g . 3.

T R E A T M E N T 3 (T3): DRUG.

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout perm ission.

350
O
250

DARK

LIGHT

.. 150
O

100

DARK-LIGHT ACTIVITY RATIO
75-25

80

20
10

-

A.M.

8:30
A.M.

P.M.

TIME
Fig.

4.

T R E A T M E N T 4 (Tb): M E T H O D O F A R O U S A L

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

350

250

DARK

LIGHT

150

% 100

|DA R K - L I G H T A C T I V I T Y R A T I O
7*1-26

90

60

60

20

12:50
A. JT.

8:50
A.M.

P.M.

TIME
Fig.

5.

T R E A T M E N T 5 (T5): M E T H O D O F A R O U S A L
A N D D R U G COMBINED.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

350

LIGHT

DARK

250

150
55

100

.

DARK-LIGHT ACTIVITY RATIO
70 - 3 0

80

60

30

20
10

12:30
A.M.'

8:30
A.M.

4:30
P.M.

TIME
Fig.

6.

T R E A T M E N T 6 (T6): R E C O V E R Y .

R ep ro d u ced with p erm ission o f th e copyright ow ner. Further reproduction prohibited w ithout p erm ission .

experimental room was turned on.
A simple visual inspection of the graphed data, Figures 1
through 6, for each treatment quickly indicates all of the
t

relevant comparisons.

The form or shape of the various acti

vity distributions change somewhat under each treatment, pre
sumably as a function of the independent variables.

The major

similarities and/or differences to be noted in the graphed data
include the general shapes of the several curves, the specific
times at which the high or low points of nocturnal or diurnal
activity are reached, and the magnitude of the total responses
at comparable points in time.

In some cases these differences

or changes appear to be significant, but in most cases they are
probably well within the range of chance expectancy.

The re

sults of a series of analyses of variance, to be presented
shortly, indicate the accuracy of these impressions.
Generally speaking, the most relevant comparisons would
seem to be between the following treatments:
Baserates (Tl) and Recovery (T6)
The general shape of the graphed data for these two treat
ments, in which no independent variable was introduced, is
quite similar.

The major differences involve the disparity of

response frequencies at 3*30 A.M. and 5s30 A.M..
Placebo (T2) and Drug (T3)
Both of these treatments initially depressed the level of
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activity*

This depression of activity, however, is sharper and

more abrupt in the case of T2.

In T3 activity continuously

decreases during the first four hours of measurement, and then
i

rapidly approaches the base level of Tl*

The 3*30 A.M. peak of

activity is abolished in T3 and/or displaced to 5*30 A.M..

In

contrast to this pattern of activity, the 3*30 A.M. peak of act
ivity is intact under the placebo in T2, despite the fact that a
second peak appears at 5*30 A.M.. The presence of these
5:30 A.M. peaks of activity in both T2 and in T3 contrast sharp
ly with the patterns of reduced activity noted in Tl and T6 at
approximately the same time.

It should also be noted that in

every treatment except T2 there is a gradual increment in acti
vity prior to 8:00 A.M., when the lights in the experimental
room were turned on, and a rather marked decrement in the level
of activity after this time.

Finally, the shape of the diurnal

activity distributions of T2 and T3 differ appreciably.
Method of Arousal (T4) and Drug and Method of Arousal
Combined (T5)
The shapes of these two distributions are quite similar
during the first seven hours of measurement.

Thereafter, some

apparent differences are noted, the most important of which
would seem to be the erratic increments and decrements in T4
for the duration of the dark hours and the fluctuating level
of activity during the light hours in T5.

It should also be

noted that the peak of activity prior to the on-set of the
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lights at 8:00 A.M. takes place in the dark in T4, in contrast
to all other treatments.

The most obvious difference in T4 and

T5, considering all other treatments, is the unusually high
level of activity during the first hourly period of measurement.
The vertical axis of the graphs has been broken to indicate the
magnitude of this increment in activity.

Analysis of the graphs

for both treatments indicates a pronounced depression of the
level of activity immediately after the high point had been
reached at 8:30 P.M..

Dark-light Activity Ratios

The dark-light activity ratio is indicated in the upper
right c o m e r of each graph.

This ratio is based on a compari

son of the percentage of total activity emitted during the first
10 hours of darkness, 8:00 P.M. to 6:00 A.M., and the percent
age of total activity emitted during the first 10 hours of
light, 8:00 A.M. to 6:00 P.M..

Inspection of the ratios under

each treatment indicates that approximately 69$ to 75$ of the
rat's general activity is emitted during the hours of darkness,
while 25$ to 31$ is emitted under conditions of illumination.
The ratios tend to flatten under treatments 2 and 3.

This

would seem to indicate a general depressant effect due to the
placebo and drug treatments.
treatment 6.

This same trend is apparent in

The method of arousal, utilized in treatments 4
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and 5, appears to have had the effect of augmenting the ratio
in the direction of increasing the amount of activity emitted
during darkness in contrast to light, or of maintaining the
ratios in line with the Tl ratio.

In no case, however, do the

ratios appear to differ significantly from one another.

In

general, these results clearly indicate that the rat is a
nocturnal animal and are quite consistent with the results of
other investigators as reported earlier.
In at least one respect, however, these results are quite
unusual.

Since the method of measurement utilized entailed

the presence of light, and since light itself is known in
general to have a suppressing effect on activity, it might be
predicted that the obtained dark-light activity ratios should
have approached equality.

Obviously, the relationship between

light and activity is not that simple, since the prediction
suggested above is not supported.

A reasonable conclusion,

therefore, would be that the general suppressing effect of
light on activity is due to the parameter(s)— quality, inten
sity, duration, or spatial extent— of light, or some other
variable(s), outside the immediate periphery of an animals
local environment.

The results of the present experiment

suggest that the long-term presence of light in the local or
cage environment of rats will not appreciably effect their
level of activity, since the obtained dark-light activity
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ratios approximate closely the ratios obtained by other inves
tigators utilizing other methods of measuring activity.

Analyses of Variance

The activity data have been subjected to eight analyses of
variance.

Four of these analyses are based on the response

distributions of one hour's duration for the four consecutive
hours after 8:00 P.M..

The first hourly analysis, therefore,

is based on the combined response distributions of all six Ss
for the hour 8:00 P.M. to 9:00 P.M., and the second analysis is
based on the combined 9:00 P.M. to 10:00 P.M. response distri
butions.

In addition, the first hourly distribution has been

broken up into two unequal subdistributions, the 8:00 F.M. to
8:15 P.M. distribution and the 8:15 P.M. to 9:00 P.M. distri
bution for closer analysis.

In addition, two cumulative

analyses of variance are also presented, one of them based on
an 11-hour cumulative response total, and the second based on
the 22-hour cumulative response total.

The first six analyses,

of course, are also cumulative but the totals upon which they
are based are derived from the combined responses of all Ss
during a shorter span of time.

The experimental predictions

were assumed to hold for the first hour of analysis after the
introduction of the independent variables.

All of the sunn

maries of the analyses are presented in Appendix F.

The method
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utilized is that based on correlated or repeated measures,
since the same Ss are repeatedly used in each of the treat
ments.

The procedures followed in carrying these analyses

out are based on Winer’s (1962) approach.

The complete

analysis for the first hour, 8:00 P.M. to 9:00 P.M., is pre
sented in the first three pages of Appendix F, including the
Newman-Keuls procedure which is used to determine the specific
significant differences following a significant over-all F
Test.

Thereafter, only summary data for each analysis and the

Newman-Keuls procedure is presented.
The first hourly analysis indicates that T4 and T5, although
not significantly different from one another, are clearly signi
ficantly different from all other treatments.

There are no

other significant differences during the first hour.

The drug,

therefore, did not significantly depress activity belcw the
baserate level as originally predicted.
This result appeared to be contradictory to the results of
a pilot study, which had been carried out prior to the main
experiment, and to subjective visual analysis of the experiment
al data during the process of data acquisition.

It was noted

then that most of the animal's activity was emitted during the
first 15-minutes of the first experimental hour.
Because of this observation, it was decided to analyze the
first hour’s distribution in more detail.

For this purpose,
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the combined response totals for the first 15-minutes of this
hour are analysed separately from the combined totals for the
succeeding 45-minute period.

The summary data for both analy

ses is indicated on the fourth and fifth pages of Appendix F.
The results indicate a pattern of significance completely con
sistent with the full hourly analysis.
The second hourly analysis for the period 9*00 P.M. to
1C:00 P.M. is presented on the sixth page of Appendix F0

The

F Test indicates non-significance, and for this reason the
analysis is terminated at this point.

All of the observed

differences during this period, including the well-marked
depressant placebo effect, are apparently well within the
realm of chance.
The third hourly analysis for the period of 10:00 P.M. to
11:00 P.M. is presented on the seventh page of Appendix F.
Contradictory results are obtained in this analysis: The F Test
indicates significant differences somewhere in the 15 possible
comparisons of the various treatments, but the Newman-Keuls
procedure indicates no significant differences in the upper
right-hand c omer of the summary table.

A failure to find a

significant difference in this section of the summary table
generally indicates that there are no other significant
differences to be found (Winer, 1962),

Nevertheless, further

analysis of the table indicates one significant difference, the
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difference between T3, the drug treatment, and Tl, the baserate
treatment.

This single significant difference, however, appears

to be the result of its position in the summary table.

In fact,

the magnitude of this difference is less than that of the differ
ences above it.

Obviously the difference between Tl, T4, and

T5 is on the borderline of significance at the ,05% level.

The

one significant difference obtained cannot be denied, of course,
but it is suggested that in view of the contradiction, and in
the interests of parsimony, the difference should be viewed
with caution.

Inspection of the graphed data, and the precise

total responses under each treatment, suggest a pattern of
significance very similar to that of the succeeding analysis.
The fourth hourly analysis for the period 11:00 P.M. to
12:00 F.M. is presented on the eighth page of Appendix F.
Inspection of the data indicates that Tl and T6 are signifi
cantly different from T3, T4, and T$.

The level of activity

under the influence of the drug (T3), the method of arousal (T4),
and the drug and the method of arousal combined (T$) are all
significantly less than the baserate (Tl) and recovery (T6)
levels of activity.

Inspection of the graphed data for T3

indicates that, for all practical purposes, the effects of the
drug have worn off after this point.
sharp rise in activity thereafter.

This is suggested by the
Individual hourly analyses

are terminated after this point because of this recovery.
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It was suggested earlier, however, that the drug is not without
some effect after this point.

Observation of the graphed data

for Tl and T3, for example, suggests a stimulant effect of the
drug at the 5:30 A.M. point.
The fact that the drug has had an important effect on act
ivity is also indicated by the cumulative analyses of variance,
presented on the ninth and tenth pages of Appendix F.

The

11-hour analysis indicates that Tl, T4, T5, and T6 all differ
significantly from both T2 and T3.

Presumably, a cumulative

analysis such as this demonstrates the power or strength of the
various independent variables, since the changes in behavior
they bring about, stimulant or depressant effects on activity,
at earlier points in time are of sufficient magnitude as to
effect the significance tests carried out on a cumulative basis
scane hours later.

It is also true, of course, that the power of

the independent variables may be indicated by the magnitude of
their effects shortly after they are introduced.

By the first

test, the power of the depressant effects of the drug, as well
as the placebo, are indicated by the results of the 11-hour
cumulative analysis of variance.

By the second test, the

power of the stimulant effects of the method of arousal over all
other treatments is indicated by the magnitude of its effects
during the first hour.
It is interesting to note that the apparent depressant
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effects of the so-called placebo have been important enough
prior to 7 100 A.M. to significantly lower activity below the
level of Tl, T4, T5, and T6.

That the power of depressant

placebo effects, however, is less than that of the drug is in
dicated by the results of the 22-hour cumulative analysis of
variance.

This final analysis indicates that T4> T5, and T6

all differ significantly from T3.

The initial magnitude of the

T2 effects is not powerful enough to maintain the pattern of
significance noted during the 11-hour cumulative analysis.
However, the power of T3 has also waned, as indicated by the
failure of T3 to differ significantly from Tl as in the 11-hour
cumulative analysis of variance.
A final analysis of variance, presented on the last page of
Appendix F, was carried out to test the cumulative effects of
the 22-hour water intake data.

The obtained F is insignificant

and the analysis was therefore terminated.

In this experiment,

however, it was only possible to measure water intake to an
approximate degree of accuracy, and only for the full 22-hour
period without disrupting the activity of the subjects during
the photo-electric measurements.

The results, therefore, must

be regarded with caution.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

DISCUSSION

As mentioned, earlier, the measures of activity during the
first hourly period after the introduction of the independent
variables is regarded as the critical temporal period for the
assessment of the predictions*

It will be recalled that the

analysis of variance for this period indicated that TA, the
method of arousal, and T5, the method of arousal combined with
the drug, differed significantly from all other treatments*
These results refute the first prediction completely, clearly
confirm the second, and offer only partial support for the third*

Prediction Number 1

The initial prediction, namely, that pentobarbital in the
dosage of 20 mg/kg would significantly depress activity below
the baserate level during the first hour of photo-electric
measurement, cannot be substantiated.

The trend of the act

ivity data of T3 during the first hour is clearly in the pre
dicted direction, but this trend does not conclusively reach
significance until the 10:30 P.M. point is reached.

Moreover,

the same trend is present in all treatments during the first
hourly period of measurement.

Activity invariably declines

60
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after the first hour, regardless of its initial level*

Moreover,

the decline under the placebo appears to be greater than that
under the drug itself during this hour.

The most reasonable

conclusion, based on the data, is that the dosage of 20 mg/kg
of pentobarbital will significantly depress activity only
after at least two and one half hours have elapsed between the
time the drug was administered and activity recorded.

Pento

barbital slowly and gradually depresses activity over time.
However, it cannot be stressed too strongly that these
results should be held specific to the experimental procedures
employed and, in particular, to the method of activity measure
ment utilized.

Brief visual analysis of the behavior of all

animals under T3 and T5 during this hour subjectively suggests
results more compatible with the initial pilot study and the
original prediction.

Generally, the animals under T3 were

quite active during the early portions of the first hourly
period of measurement.
case of each S.

Ataxia was noted to some degree in the

Typically, however, the initial spurt of act

ivity was succeeded by relatively long periods of quiesence.
The Ss frequently appeared to be sleeping.

Occasionally, they

would move about slightly, lifting their heads, moving their
tails, or attempting to right themselves.

This sporatic behav

ior was of sufficient form in many cases to break the photo
cell beam.

One S, for example, was observed to sleep or rest
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in a prone position on the floor of its cage and to break the
beam several times simply by virtue of its respiratoiy move
ments.
In contrast to this pattern of behavior, the Ss under T5
appeared much the same as those under T4, with the exception
that some ataxia was still noted in a few of these animals.
Generally speaking, observation of the 5s in both T4 and T5
t

indicates unusually high levels of activity.

These Ss are

nearly continuously active for a period of at least 35 to 45
minutes after being returned to their cages, in contrast to
the animals under T3 who quiet down rather quickly and move
about very little for the duration of that hour.

Unfortunately,

however, the Ss under both treatments frequently confine them
selves to one c o m e r of their cage for long periods of time
where they shake and scratch themselves, eat, and drink water.
In short, visual observation strongly suggests that the effects
of the drug are counteracted in T5.
The problem here is certainly one of technique.

The photo

electric method of measuring activity, while sensitive to a
good deal of general bodily movement, is not sensitive to a.11
activity.

Moreover, the technique is indiscriminate with

reference to the type of activity it records.

The movement of

a rat's tail will break the beam just as surely as will the
whole-scale bodily movement of the animal from one end of its
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cage to the other.

In light of these observations, therefore,

it is suggested that positive results could be obtained -with
pentobarbital in the dosage of 20 mg/kg if another technique,
such as a stablimeter device or an ultrasonic activity recorder,
were utilized to measure activity.

Prediction Number 2

The second prediction, namely that the method of arousal
would have the effect of increasing activity significantly be
yond the baserate level, is definitely confirmed by the data
and the analysis of variance based on the first hourly period.
The method of arousal or stimulation is, in fact, extremely
powerful, as indicated by a level of activity under T4 during
the first hour which is nearly three times greater than the
corresponding point in Tl.

This should be contrasted with the

drug effects at maximum potency, that is, at the 11:30 P.M.
point.

At this point, the decrements in activity under T3

are roughly proportional to the increments in activity under
T4 in relation to the first hour baserate level of activity.
However, T3 at 11:30 P.M. involves a response decrement of
approximately 60 responses, while T4 at 8:30 P.M. involves a
response increment of approximately 170 responses.

By this

differential criterion of strength, it might be assumed that
the method arousal would also counteract the effects of a
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higher dosage of the drug.
It should he noted that in both T4 and in T5 the initial high
level of responses is immediately succeeded by a rather dramatic
decrease in the number of responses.

Since this response decre

ment is of approximately the same magnitude and form in both T4
and T5, it is not reasonable to assume that it is due to the
depressant actions of the drug in T5.

It is suggested that this

marked response decrement is due to simple fatigue or to some
thing analogous to Hull’s notion of “reactive inhibition “ or IR
(English and English, 1958)*
Unfortunately, it is not at present entirely clear why it is
that the method of arousal was such a powerful behavioral acti
vator.

It was noted during the course of the experiment that the

Ss frequently defecated and squealed when placed in the water for
the first time.

These observations suggest that the situation is

essentially one of stress for the Ss and, therefore, one very
likely to be characterized by emotional implications.

Stress,

for purposes of this analysis, refers to any type of emotional
reaction involving fear which is linked to some fear provoking
stimulus situation.

Prediction Number 3

The third prediction, namely, that the method of arousal will
counteract the depressant effects of the drug and maintain act-
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ivity -within its baserate range, is not completely confirmed.
The subjective evidence bearing on this prediction has already
been presented in connection with the discussion of prediction
one.
T5, like T4, definitely brought about increments in the
level of activity which are opposed to the depressant actions
of pentobarbital.

But this observation must be tempered by

the fact that the drug failed to significantly depress acti
vity below the baserate level during the first hour.

Moreover,

activity in T5 is not maintained in the baserate range of varia
tion as originally predicted.

It is significantly increased

beyond this range.
The third prediction gains some support by virtue of the
fact that T5 does not differ significantly from T4 in any of the
analyses of variance.

This result in and of itself is sufficient

to indicate that the effects of the drug have been modified.
This interpretation would have more meaning if the drug itself
had shown significant depressant effects during the first hourly
period.

It is also possible to argue that one of the effects of

the drug during the first hour after its administration is to
maintain activity.in the normal range, perhaps in the low nor
mal range, but that this effect is modified or counteracted in
T5 when the Ss are subjected to the method of arousal immediate
ly after the drug has been introduced.
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Theoretical Background

The fact that it is possible to counteract the effects of
drugs, within certain limits, is of theoretical interest.
Russell (1965) maintains that the relationship between drugs
and behavior is reciprocal.

That is, drugs influence behavior

and behavior is able to influence the action of drugs.

There

is some evidence, perhaps more clear-cut than the present
experimental results, which definitely indicate that drug
effects can be counteracted by stimulation of one kind or
another.

Rupe, Bousquet, and Miya (1963) demonstrated that

the effects of a variety of drugs, including pentobarbital,
were modified by means of stimulation.

Moreover, these

authors present a physiological model to explain the counter
acting effects of stimulation, and that is the operation of
the "pituitary-adrenal axis," which is generally activated
during stress situations.

This is based on the assumption

that stress generally involves emotional factors.

The bio

chemical correlates of emotion, particularly hormonal factors,
are assumed to interact with and modify the effects of an in
jected drug.
It is quite apparent, however, that the biochemical corre
lates of emotion involve far more than simply hormonal factors.
A number of other physiological changes are also involved,
including changes in the EEG (Lindsley, 1952), changes in

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited without p erm ission.

67
respiration, heart rate, and the galvanic skin response (Morgan,
1965)»

It seems reasonable to assume that emotional stimula

tion, involving the operation of any or all of these factors,
may produce a whole spectrum of physiological changes and
that it is the interaction of a variety of factors which serves
to counteract the effects of drugs.

The effects of a drug may

be counteracted at the physiological and/or behavioral level.
It is also possible to draw evidence from other fields to
show that stimulation may counteract induced psychopathological
effects.

Some of the studies in the field of sensory restriction,

for example, demonstrate the important role of stimulation in
maintaining adaptive behavior.

This is indicated first of all

by the variety of physiological and behavioral changes brought
about by sensory deprivation and/or perceptual isolation
(Schultz, 1965).

Some of these changes, such as the decre

ments in EEG frequencies, are very similar to the changes
brought about by pentobarbital.

Both of these changes, pre

sumably, involve the same neurological, mechanism, namely,
decrements in the level of neurological activity in the reti
cular activating system.

Killam's (1962) review cites a

variety of evidence indicating that the depressant effects of
pentobarbital on the cortical activity of the brain involves a
depression of the reticular formation.

Zubek and Welch (1963)

demonstrated a similar neurological state Tinder conditions of
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perceptual isolation of one week*s duration.

Zubek (1963)

later demonstrated that these effects could be counteracted by
means of "exercise.**

There is evidence, therefore, which

definitely suggests that it may be possible, within limits, to
counteract depressant neurophysiological states by means of
stimulation, regardless of how that state of depression was
originally induced.
The original reason for the selection of the method of
arousal utilized in the present experiment was that it obvious
ly involved a kind of motor movement, at least analogous to
Zubek* s method of exercise, which was believed to be both
physiologically and behaviorally incompatible with the type of
depression induced by pentobarbital.

The critical variable

involved in this study, as in Zubek*s (1963) experiment, may
be proprioceptive stimulation.

However, the method of arousal

utilized in the present study also necessitated immersing the
Ss in water.

There is no direct means available by which the

motor effects of the method and the perception of wetness can
be separated and their effects on behavior differentially
evaluated in T4 and T5.

All that can safely be maintained is

that the method as a whole appears to be an effective means of
arousal which may counteract the depressant effects of a drug
in some measure.

The data of this experiment does not conclu

sively demonstrate the precise means by which this Counter-
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acting mechanism operates.

It may be effected by normal fac

tors alone, as suggested by Rupe et si. (1963), or it may be a
by-product of a general state of high level arousal induced by
means of internal and/or external environmental changes, as
suggested by the author.

The Therapeutic Implications

The fact, however, that neurophysiological and/or behavioral
depression can in any degree be counteracted by environmental
stimulation is believed to have certain therapeutic implications.
The term therapeutic, as used by "the writer, refers to any
method of treatment which is utilized to change, modify, or
counteract any response, or series of responses— arbitrarily
designated as neurophysiological ly, mentally, behaviorally,
or socially pathological— and to bring the response(s) in
question more in line with socially acceptable norms.
A number of investigators (Himwick, I960; Van Eosen, 1966)
have assumed that at least some forms of abnormal or psychopathological behavior, particularly schizophrenia, are bio
chemically based, and this conclusion is founded on a variety
of scientific evidence, especially the experimental induction
of psychotic behavior by means of such drugs as LSD-25 and.
mescaline (Koch, 1959a), and the discovery of specific sub
stances in the blood of schizophrenics (Russell, 1965).

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

Further, it is also frequently assumed that psychopathology, if
it is partially or wholly biochemically based, should be treated
by means of biochemical agents (Hoch, 1959b).

Thus, for example,

neurophysiological and/or behavioral depression might be counter
acted by depressant drugs.
truth to these assumptions.

There certainly appears to be some
In fact, the type of behavior dealt

with in this study, namely, behavioral depression induced by
means of a biochemical agent, may be regarded as a confirmation
of the biochemical assumptions mentioned above.

Nevertheless

drugs, as tools for behavioral research and control, have cer
tain disadvantages: they must be administered by trained spec
ialists; drug usage is frequently hampered by insufficient
knowledge about the drug's effects, including its method of
operation and its loci of action; and, lastly, all drugs are
characterized by "side effects", some of which involve merely
the induction of vertigo or brief feelings of discomfort,
others of which involve the induction of gastric ulcers, jaun
dice, and possibly the death of the organism.
If it can be shown that certain behavioral effects, such as
arousal, can be obtained by means of environmental stimulation,
despite the possible biochemical origin of the behavior in
question, a definite advantage is indicated.

It is believed

that the present study, as well as seme of the experimental
evidence reviewed, suggests that this assumption has seme
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validity.

It may very well be that stimulation per se is

characterized by profound and powerful therapeutic effects,
as the research in the field of sensory restriction is begin
ning to show.

It is suggested that the various parameters of

stimulation be investigated more closely in the future to
ascertain the scope of these therapeutic effects.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

SUISMARY

The activity of six naive, healthy, male albino rats was
measured by means of a photo-electric technique for periods
of 22-hours per day.

The animals were subjected to an experi

mental procedure, involving six treatments, in which an attempt
was made to counteract the depressant drug effects of pentobar
bital in the dosage of 20 mg/kg.

The specific experimental

predictions were as follows:
(1).

Pentobarbital, in the dosage utilized, would
be sufficient to significantly depress activity
below its baserate level.

(2).

A method of arousal, immersion in 90° F. water
for periods of approximately 20-minutes duration,
would significantly increase activity beyond its
baserate level.

(3).

When the drug and the method of arousal were
combined, the depressant drug effects would be
modified to such a degree that activity would
remain within the baserate range.

Prediction (l) was tested by means of treatment 3 (drug),
prediction (2) by means of treatment 4 (method of arousal),
and prediction (3) by means of treatment $ (method of arousal
and drug combined).
The results indicate that pentobarbital failed to signifi
cantly depress activity below its baserate level during the
first and second hour after its administration at approximately
72
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7:35 P.M..

Significance was not reached until the third and

fourth hours after the administration of the drug, after which
time the level of activity again increased until it approximated
the baserate level.
The method of arousal did significantly increase the level of
activity beyond the baserate level during the first hour as
originally predicted.

However, this marked increment in acti

vity was immediately succeeded by a. rapid decrement in the num
ber of responses which reached significance three hours later.
When the method of arousal was combined with the drug admin
istration, the effects of the latter were obscured or modified
to such a degree that the arousal treatment, individually con
sidered, did not differ significantly from the treatment in
which it was combined with the drug.

In this case, the drug no

longer maintained the level of activity below the baserate
level during the first hour, nor did it continue to depress the
number of responses gradually over time, as it had been observed
to do when the animals were subjected to the drug treatment
only.
Two theoretical empirical rationals are offered to account
for the ability of stimulation in general, and methods of arousal
in particular, to counteract depressant drug effects.

One in

volves hormonal changes which frequently correlate with the in
troduction of certain kinds of stimulation, while the other
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74
views the effects as a by-produce of an overall increased level
of arousal due, at least partly, to high level cortical bombard
ment contingent upon the neurological activity of the reticular
activating system.
The results may have certain definite therapeutic implica
tions, the most important of which is the demonstration that it
is possible to successfully treat or counteract seme psychopathological. states of behavior by means of environmental
stimulation— despite the fact that such behavioral and/or
neurophysiological states may be biochemically based.
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APPENDIX A
Raw Data

The following six pages of this appendix contain the raw
data of the experiment.

Animal identification is indicated

along the horizontal axis, and time along the vertical axis.
The body of the tables contain the raw or mean response
frequency data for each animal each hour for any given treat
ment.

Raw response data is entered in treatments 2 through 5,

and mean response data, based on two consecutive days of act
ivity measurement in treatments 1 and 6,
The data contained on the succeeding six pages is as
follows:
Treatment 1* Baserates - Page 76
Treatment 2: Drug Placebo - Page 77
Treatment 3: Drug - Page 78
Treatment hi Arousal - Page 79
Treatment 5: Drug and Arousal - Page 80
Treatment 6: Recovery - Page 81

75
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Animal Identification
ML

Time

M2

M3

M4

K5

MS

Tota]

8:30

8.5

17.0

22.5

20.5

16.0

10.0

95

9:30

18.0

21.5

14.0

2.5

12.0

4.0

72

L0:30

9.0

10.5

33.5

15.5

13.0

10.0

92

LL:30

10.5

8.0

14.0

17.0

15.5

12.0

77

L2:30

4.0

17.5

23.0

16.5

5.0

12.0

78

1:30

11.0

11.0

12.5

19.0

4.5

11.5

70

2:30

8.0

7.0

11.5

16.0

15.5

9.0

67

3:30

16.0

3.0

24.0

18.5

11.5

6.5

80

4:30

4.0

16.5

4.0

14.0

25.5

13.0

77

5:30

2.0

9.0

4.0

.5

13.5

.5

30

6:30

2.0

9.0

9.5

6.0

4.0

12.0

43

7:30

10.0

10.0

16.0

7.5

6.5

10.0

60

8:30

12.0

8.0

13.0

10.0

13.5

11.0

68

9:30

1.0

2.0

9.5

.5

13.0

3.0

29

10:30

.5

3.0

3.0

5.5

5.0

5.5

23

11:30

4.5

13.5

5.5

.5

.5

2.5

27

L2.-30

1.0

1.5

2.0

0.0

5.0

7.5

17-

1:30

1.5

1.0

9.5

5.5

9.5

2.0

29

2:30

5.0

9.0

6.0

7.5

2.0

1.0

31

3:30

0.0

0.0

1.5

1.5

0.0

1.0

4

4:30

7.0

1.0

2.0

2.0

1.0

3.0

16

6.0

2.0

_3»5

4-5

0.0

0.0

16

5:30

-
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Animal Identification
Time

KL

M2

M3

M4

M5

MS

Total

3:30

17

17

20

8

15

11

88

9:30

8

4

6

5

10

2

35

L0:30

5

13

8

9

24

3

62

11:30

6

14

8

8

17

6

59

12:30

6

20

10

8

4

21

69

1:30

3

5

15

18

21

7

69

2:30

4

8

14

14

22

4

66

3:30

15

10

14

13

30

8

90

4:30

3

8

8

15

9

14

57

5:30

2

14

18

11

27

26

98

6:30

7

8

18

0

17

8

58

7:30

5

18

5

2

26

3

59

8:30

12

12

6

9

11

1.

51

9:30

0

3

6

1

1

22

33

10:30

1

11

14

0

7

6

39

11:30

1

0

7

7

1

2

18

12:30

2

3

2

0

6

2

15

1:30

7

14

2

0

0

10

33

2:30

0

1

13

11

0

1

26

3:30

1

3

5

0

2

4

15

4:30

3

8

0

0

9

8

28

5:30

9

5

3

13

0

0

30
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Animal Identification

Time

Ml

M2

M3

M4

M5

M6

Total

8:30

10

23

16

23

5

16

73

9:30

7

5

7

23

20

4

56

10:30

12

1

6

2

5

9

35

11:30

4

3

3

4

9

6

29

12:30

13

15

11

17

8

10

74

1:30

11

12

22

23

5

3

76

2:30

7

5

13

12

22

15

74

3:30

7

11

14

12

1

11

56

4:30

0

5

2

7

8

7

29

5:30

9

8

23

27

11

12

90

6:30

6

16

1

0

8

1

32

7:30

0

27

12

2

18

2

61

8:30

1

8

27

0

22

19

77

9:30

0

6

2

27

8

1

44

10:30

1

0

0

0

1

3

5

11:30

6

6

0

0

0

23

25

12:30

6

0

7

4

1

0

18

1:80

0

10

0

8

17

3

38

2:30

2

1

0

0

1

4

8

3:30

1

0

1

1

1

0

4

4:30

4

2

10

0

0

2

18

5:30

13

10

3

4

3

0

33

1

r
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Arn ma.1 Id entifieati on

Time

m

M2

M3

M4

M5

M6

Total

8:30

32

52

63

40

32

46

265

9:30

12

8

4

9

12

0

45

10:30

3

4

4

9

10

2

32

11:30

2

6

14

8

5

2

37

12:30

12

12

10

18

16

2

70

1:30

9

13

13

20

0

4

59

2:30

19

14

37

28

27

22

147

3:30

10

5

14

11

9

12

61

4:30

0

11

8

11

9

1

40

5:30

15

10

23

3

11

6

68

6:30

3

21

9

2

15

3

53

7:30

5

35

5

11

18

28

102

8:30

9

2

8

12

20

22

73

9:30

0

0

5

14

0

4

23

10:30

0

5

0

14

2

2

23

11:30

0

0

12

12

1

5

30

12:30

3

7

1

0

11

2

24

1:30

4

8

2

0

0

7

21

2:30

7

5

0

1

1

2

16

3:30

2

1

2

9

9

0

24

4:30

4

0

10

1

0

8

23

5:30

13

5

6

1

0

0

25

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

Animal ttterrfci fi xation

Time

KL

M2

IQ

M4

M5

M6

' Total

8:30

44

55

43

37

23

26

228

9:30

12

1

14

13

13

3

56

10:30

1

11

3

2

14

3

34

11:30

10

12

1

11

8

7

49

12:30

1

13

10

15

6

4

49

1:30

8

13

15

29

15

8

88

2:30

8

8

25

26

12

15

94

3:30

10

11

13

24

14

5

77

4:30

3

16

13

9

15

18

74

5:30

10

27

15

20

18

2

92

6:30

7

10

5

6

4

2

34

7:30

3

8

20

5

12

24

72

8:30

16

12

18

7

19

10

82

9:30

0

5

8

16

13

3

45

10:30

2

7

11

4

0

3

27

11:30

0

0

3

1

0

0

4

12:30

1

0

0

2

1

1

5

1:30

0

0

16

2

15

11

44

2:30

3

16

11

3

1

0

34

3:30

3

2

1

0

0

1

7

4:30

5

0

0

6

1

2

14

5:30

5

0

10

15

0

7

37
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Animal identincaxion
Jd2

M6

Total

Time

KL

8:30

25.0

8.0

15.5

9.0

12.0

6.5

76

9:30

10.0

9~.0

6.5

6.0

18.0

2.0

52

6.0 17.0

14.0

11.0

16.5

.5

65

17.0

15.0

8.5

21.0

9.5

82

12:30

8.0 17.5

14.0

8.0

12.0

12.5

72

1:30

11.0 16.5

13.0

17.5

12.5

8.5

79

2:30

8.0 11.5

24.0

19.5

6.0

11.0

80

3:30

13.0 19.0

27.5

17.0

36.5

10.0

123

10.0

13.5

23.5

14.5

14.0

77

10.0 12.5

17.5

3.5

9.0

19.0

72

10:30
11:30

10.5

4:30

1.5

5:30

M3

M4

M5

6:30

1.0

5.0

16.5

8.0

9.0

6.0

46

7:30

4.0

10.0

13.0

4.0

8.0

5.5

45

8:30

13.5

7.0

7.5

21.0

17.0

17.5

84

9:30

2.0

2.5

3.0

7.0

6.0

7.5

28

10:30

0.0

7.5

1.0

5.0

6.5

11.0

31

11:30

1.0

2.5

8.0

2.0

.5

5.5

20

12:30

1.5

9.0

1.0

7.5

2.5

4.0

26

1:30

2.5

1.5

9.5

3.5

7.0

12.5

37

2:30

3.5

2.5

16.0

8.0

6.0

4.5

41

3:30

3.5

1.5

2.0

0.0

0.0

3.0

10

4:30

8.5

7.5

1.0

0.0

2.0

7.0

26

14.5

2.5

2.0

2.5

0.0

9.5

31

5:30

|
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APPENDIX B

Age and Weight Distributions

Age distribution

Age at start
of
experiment

Age at end
of
experiment

Ml

122 Days

134 Days

M2

122 Days

134 Days

K3

135 Days

147 Days

M4

135 Days

147 Days

M5

110 Days

124 Days

M6

110 Days

122 Days

Mean

122 Days

135 Days

Subject

Age range: 37 days

82
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Weight distribution

Subject

Base
rate s

Flacebo

Drug

Arousal

Drug &
Arousal

Recovery

T1

T2

T3

T4

T5

T6

KL

454

454

454

454

454

454

M2

397

397

397

397

397

397

M3

454

454

454

454

454

454

M4

369

369

369

369

369

369

M5

369

369

369

369

369

369

M6

369

397

369

369

369

369

Mean

402

407

402

402

402

402

Weight range: 85 grams

Weight is recorded in grams.

Weight remained consistent

for all subjects, with the exception of M6, across all treat
ments.

The discrepency noted in the case of MS under T2 may

have been due to a measurement error.
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APPENDIX C

Temperature and Humidity Data

Temperature data

Baserates

Placebo

Drug

Arousal

Drug &
Arousal

Recovery

T1

T2

T3

T4

T5

T6

ML

78°

76°

76°

77°

80°

76°

M2

78°

77°

80°

76°

76°

760

15

76°

74°

74°

74°

74°

72°

M4

76°

74°

74°

74°

74°

72°

M5

73°

75°

72°

76°

72°

72°

M6

73°

77°

75°

72°

72°

75°

Mean

76°

76°

75°

75°

75°

74°

Subject

Mean temperature range: 2° F,

84
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Kmririit.y data

Baserates

Placebo

Drug

T1

T2

T3

ML

44

40

M2

44

M3

Drug &
Arousal

Recovery

T4

T5

T6

a

45

52

41

45

52

40

41

41

36

34

36

40

38

32

M4

36

34

40

38

36

32

M5

40

49

39

41

39

37

M6

40

46

49

39

39

43

Mean

40

41

43

41

41

38

Subject

Arousal

Mean humidity range: 5

The slight discrepencies between the mean temperature and
humidity differences under each treatment are apparently in
significant.

For this reason, the data is not subjected to

an appropriate analysis of variance, and the observed differ
ences are assumed to result from chance factors only.
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APPENDIX D

Water Intake Data

Cumulative 22-hour water intake (8:00 F.M. - 6:00 P.M.)

Subject

Baserates

Placebo

Drug

Arousal

Drug &
Arousal

Recovery

T1

T2

T3

T4

T5

T6

Ml

.75

1.00

.75

.75

.50

.88

M2

.75

.75

.75

.50

.75

.88

*0

.75

.75

.75

.75

.50

.63

M4

.63

.75

.5°

.50

.50

.75

M5

1.00

.75

.75

.75

1.00

1.00

M6

.88

1.00

1.00

.75

1.00

.88

The water intake data has been subjected to a cumulative
analysis of variance.

The analysis is presented on the last

page of Appendix F.
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APPENDIX E

Temporal Distribution

Treatments 1 (Ti) through

Subject

6 (T6)

Base—
rates

Placebo

Drug

Tl

T2

T3

Arousal
T4

Drug &
Arousal
T5

Recovery
T6

KL

10-10
10-11

10-12

10-18

10-16

10-14

10-20
10-21

M2

10-10
10-11

10-15

10-14

10-12

10-18

10-20
10-21

K3

10-23
10-24

10-25

10-29

10-27

10-31

11-2

10-23
10-24

10-25

11-6

11-10

11-12 11-16

11-14

11-18
11-19

11-8

11-10 11-14

11-12

11-16
11-17

M4

M5

11-3
10-27

10-31

10-29

11-3

11-7
M6

11-6

11-2

11-7

The table of dates, presented above, indicates the times
the baserate and recovery data were accumulated and the date
each independent variable was introduced to each subject.
date corresponds to the end of the

Each

22-hour period utilized to

collect activity data, to record daily water intake, and to
record temperature and humidity.
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APPENDIX F

Analyses of Variance

Activity; 1st hourly period (8:00 - 9:00 P.M.)

Base
rate s

Drug &
Arousal

Recovery

T4

T5

T6

10

32

44

25

17

33

52

55

8

M2

162

23

20

16

63

43

16

J0

181

21

8

13

40

37

9

M4

128

16

15

5

32

23

12

M5

103

10

11

16

46

26

7

96

88

73

265

228

77

Placebo

Drug

T1

T2

T3

9

17

17

Arousal

n =

6

(1) G^/kn =
(2) £ £ X 2 =

(827)2/36
(9)2....

(3) £T2/n
(4) ^ / k

(96)2 ....
(137)2 ...

=
=

between Subjects:
^^Within Subjects:
^^Treatments:
Tlesidual:
SSTotal:

(4)
(2)
(3)
(2)
(2)

-

k =

Total

POL 137

146 116
G

827

6

683,292/36 =
(7)2 =
(77)2 =
(116)2 =
(l)
(4)
(l)
(3) - (4) + (l)
(l)

=
=
=
=
=

18,998.03

27,099.00
25,071.17
19,703.83

705.80
7,395.17
6,073*14
1,322.03
8,100.97
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Summa.Tv analysis: 1st hourly period (8:00 - 9:00 P.M.)
Source
of
STariation

SS

Between Ss
Within Ss

F

MS

df

705.80

5

7,395.17

30
•jf*

Treatments

6,073.It

5

1,214.63

Residual

1,322.03

25

52.88

Total

8,100.97

22.97

35
F.95

(5, 25)

=

2.605

Newman—Keuls: 1st hourly period (8:00 - 9:00 P.M.)

Treatments
Totals

—

T3

73

T6

77

T2

88

T1

96

T5

228

T6

T6
77

T2

88

T1
96

T5
228

T4
265

4

15

23

155

192

11

19

151

188

—

8

—

—

140 177
132 169
—

37

265

t) n i/iSRes

J6 •

T3
73

2.92

3.52

4.16

4.36

q.95 (r,

25)

q.95 (r,

25) 52.01 62.69 69.28 74.09 77.65

52.88

3.89

17.81
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Newman-Keuls: Summary of significance (8:00 - 9:00 P«M.)

Treatments:

T3

T6

T2

T1

__

T3
T6

T5

T4

a#

**
a*

_
a*

_

T2

aa

_

T1

aa-

—

T5

—

T4

Significant differences are indicated by the double asterisk*
Therefore, T4 and T5— although they do not differ significant
ly from one another— differ significantly from all other treat
ments.

These eight significant differences are-the only such

differences noted out of fifteen possible comparisons indicated
in the body of the table.
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Summary analysis: 15-minute period. (8:00 - 8:15 P.M.)

Source
of
Variation

SS

MS

df

Between Ss

184.56

5

Within Ss

986.00

30

Treatments

**

. 565.89

5

113.178

420.11

25

16.804

Residual

1,170.56

Total

F

6.74

35

F.95 (5 ,

25)

=

2.605

Newman-Keuls: Summary of significance (8:00 - 8:15 P.M.)

Treatments
T3
T6

T3

T6

T1

T2

__
_

T5

T4

**

■ft*

**

■ft*
■ft*

T1
T2
T5
T4

_

-ft*

■ft*

--
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flnwima.ry analysis: 45-minute period (8:15 - 9:00 P.M.)

Source
of
Variation

SS

Between Ss
Within Ss

465.58

. 5

3,747.17

30

Treatments 2,925.58
Residual
Total

■K-K-

585.1160 17.80

5

32.8636

25

821.59

F

MS

df

35

4,212.75
F.95

(5,

25)

=

2.605

Newman-Keuls: Summary of significance (8:15 - 9:00 P.M.)

Treatments
T2

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

Summary ana-Lvsis: 2nd hourly period (9:00 - 10:00 P.M.)

Source
of
Variation

SS

df

F

MS

Between Ss

449.47

5

Within Ss

616.17

30

Treatments

134.47

5

26.849

Besidual

481.70

25

19.268

Total

1,065.64

F.95

1.40

35

(5,

25)

=

2.605

Since the obtained F is below the required level of
significance, the analysis may be terminated at this
point.
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S-nmrnarTr analysis: 3rd, hourly period (10:00 - 11:00 P . M . )

Source
of
Variation

SS

Between Ss
Within Ss

MS

df
346.56

5

1,369.33

30

F

**

Treatments

495.56

5

99.1120

Residual

873.77

25

34.9508

Total

1,715.89

35
F.95

Newman-Keuls:

T4

T4

—

T3
T2
T6
T1

(5,

25)

=

2.605

S^mwa-ry of significance (10:00 - 11:00 P.M.)

Treatment

T5

2.84

T5

T3

T2

T6

T1

—
_

**
—
—
—
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• Summary analysis: 4th hourly period (11:00 - 12:00 P.M.)

Source
of
Variation

SS

Between Ss

158.58

5

Within Ss

748.17

30

Treatments

430.58

5

Residual

317.59

25

Total

906.75

F

M3

df

86.1160 6.78
12.7036
35

P.95

(5,

25)

T1

T6

**

■K-K-

**

■K*

-JHfr

•JH4-

=

2.605

Newman-Keuls: Summary of significance

Treatments
T3
T4
T5
T2
T1
T6

T3

T4

T5

T2

__
_
_
—

—
—

T1 and T6 significantly differ from T3, T4, and T5.
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Summary enmnlative analysis: 11-hour •period
(8:00 P.M. - 7:00 A.M.)

Source
of
Variation

SS

Between Ss

17,905.14

5

Within Ss

15,646.50

30

MS

df

F

■K*

Treatments

8,499.47

5

1,699.89

Residual

7,147.03

25

285.88

Total

5.946

35

33,551.64
F.95

(5,

25)

=

2.605

Newman—Keuls: SnTrnna-rg- of significance

Treatments

T2
T1

Tl, T4, T5, and T6 all differ significantly from T2
and T3.

—
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Summary cnrrmlative analysis: 22-hour period
(8:00 P.M. - 6:00 P.M.)

Source
of
Variation

SS

YiS

df

Between Ss

28,643.56

5

Within Ss

24,197.00

30

F

**

Treatments

11,215.56

5

2,243.11

Residual

12,981.44

25

519.26

Total

52,840.56
F.95

4.32

35
(5,

25)

=

2.605

Nevnnan-Keuls: Summary of significance

Treatments

Tl
T2

T4, T5, and T6 differ significantly from T3.
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Cumulative Water Intake

22-hour period

Summary cumulative analysis:
(8:00 F.H. - 6:00 P.M.)

Source
of
Variation

SS

m

df

Between Ss

.4102

5

Within Ss

*4909

30

Treatments

.U23

5

Residual

.3486

25

Total

.9011
F.95

F

.028460 2.041
.013944
35
(5,

25)

=

2.605

The analysis may be terminated at this point, since the
obtained F fails to reach significance at the .05 level of
significance.
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